attention has been focused on induction of penicillinase formation by staphylococci in vivo. Dineen (2) noted that preliminary observations with the use of his method failed to document an increase in yield of penicillinase in penicillintreated animals with staphylococcal infections. Geronimus and Cohen (5) showed an increase in penicillinase content of staphylococci isolated from infected animals treated with penicillin, but the magnitude of the increase was much less than observed with staphylococci in vitro during comparable periods of incubation with the same drug.
Recently, Shilo and Citri (11) , studying skin infections in levan-treated rabbits, produced indirect qualitative evidence that induction of penicillinase does occur in vivo.
The present paper is concerned with certain factors influencing the induction of staphylococcal penicillinase by penicillin in vivo. Immune serum was obtained from rabbits after four weekly injections of heat-killed staphylococci according to the method of Rogers and Melly (10) .
The blood was allowed to clot at room temperature; the serum was separated by centrifugation at 4 C and stored at -60 C.
Staphylococcus. The organism used was a penicillin-resistant, hemolytic Staphylococcus aureus ("AZ"), phage type 53-75, isolated from a patient who died of staphylococcal pneumonia at the New York Hospital-Cornell Medical Center in 1957. This strain has been studied by Louria and Rogers (8) and Louria and Kaminski (7) .
The organism is coagulase-and "clumping-factor"-positive, and produces a lethal peritoneal infection in mice inoculated with 101 viable units. Suspensions of EYCKMANS AND HOOK AZ do not undergo reduction in viable count after 6 hr at 37 C in fresh rabbit serum in a final concentration of 10%.
The minimal inhibitory concentrations of certain antibiotics (antibiotic dilution in tubes with an inoculum of approximately 2.5 X 104 organisms per milliliter) were as follows (micrograms per milliliter): penicillin G, 50.0; methicillin, 3.13; oxacillin, 0.78; and neomycin, 2.5. Minimal inhibitory concentrations, except for those obtained with penicillin G, were not significantly different when a 100-fold larger inoculum was substituted for the conventional inoculum.
Method ofpenicillinase assay. The method of penicillinase determination, described in detail in another publication (3) , is an adaptation (for use in the presence of tissue) of the iodometric method of Penau, Philippe, and Benoist (9) . Enzymatic destruction of penicillin is indicated by the formation of penicilloic acid. Penicillinase activity is expressed as the number of units of crystalline potassium penicillin G degraded by the material under study after an 8-hr period of incubation.
An adaptive increase, or induction, of penicillinase is expressed as the "induction ratio," which, in in vitro experiments, represents the ratio of the quantity of enzyme found after contact with the inducer to the quantity present in control mixtures without inducer, and, in in vivo experiments, the ratio of the quantity of penicillinase observed in penicillin-treated animals to the quantity observed in corresponding materials from infected controls not receiving penicillin. (4) .
Several loopfuls of each mixture of exudate were streaked on blood-agar plates, to detect contamination with bacteria other than staphylococci. Pour plates of decimal dilutions of exudates were prepared to determine viable counts of staphylococci.
An equal amount of 0.2% neomycin solution in phosphate buffer (pH 6.5, 0.2 M, containing 0.5% gelatin) was then added to each tube of exudate. The mixtures were then allowed to stand at room temperature until the next morning, when penicillinase determinations were completed. All mixtures from which subcultures showed growth of bacteria, other than hemolytic S. aureus, were discarded.
Mice with leukopenia were prepared by injection of nitrogen mustard 3 days prior to the beginning of the experiment. Each animal received a single injection of 0.25 mg of mechlorethamine hydrochloride (Mustargen, Merck Sharp & Dohme, West Point, Pa.) intraperitoneally in 0.5 ml of saline solution. The pencillinase-induction experiment was then carried out as described in preceding paragraphs, except that the infectious inoculum was reduced to one-fifth to one-tenth of that used in normal mice. The smaller inoculum used in experiments with leukopenic mice provided adequate bacterial populations at the time exudates were harvested, while allowing for survival of a resonable proportion of mice.
Leukocyte counts were done on individual blood specimens obtained from the retro-orbital venous plexus and on pooled peritoneal exudates. Turk's diluting fluid and a Neubauer counting chamber were used.
Induction of penicillinase in Trypticase Soy Broth. Staphylococci from an overnight culture in broth were sedimented by centrifugation at 900 X g for 30 min, and were suspended in fresh broth. Oxacillin or methicillin, and the agent whose influence on penicillinase induction was under study, were added to the bacterial suspension. The tubes were allowed to stand in an incubator at 37 C for 6 hr. Pour plates were prepared before and after incubation, for determination of viable count. An equal volume of 0.2% neomycin solution in phosphate buffer was then added to each tube. The tubes were left at room temperature, and penicillinase determinations were performed the next day.
Induction in suspensions of leukocytes. Rabbit leukocytes were harvested from exudates formed after intraperitoneal injection of 0.1% glycogen in saline according to the method of Cohn and Morse (1 The lack of induction in mixtures showing impressive phagocytosis was probably not related to failure of the inducer to penetrate leukocytes, because similar results were obtained when staphylococci were left in contact with oxacillin for 10 min prior to phagocytosis. In addition, no induction occurred when phagocytized staphylococci were rotated in a medium containing higher concentrations (0.5 to 20.0 ,g/ml) of oxacillin or methicillin.
The experiment described in Table 5 shows that the inhibitory activity of leukocytes is dependent on the presence of intact leukocytes. In this experiment the influence of a suspension of leukocytes was compared with that of an identical suspension which had been frozen and thawed three times in rapid succession. No induction of penicillinase formation occurred in the mixtures with intact leukocytes, whereas, in mixtures of staphylococci and damaged cells, induction occurred, although to a lesser extent than in the tubes without leukocytes.
Influence ofpH on induction. Reaction mixtures of different pH values were prepared by addition of hydrochloric, acetic, lactic, pyruvic, and citric acid to broth, and were used in static induction experiments. Significant reduction of induction ratios was observed with all acids for pH values below 6.5. Induction was apparently entirely abolished below 5.5. In other experiments, oxacillin and induced staphylococcal penicillinase were found to be quite stable for 6 hr at the low pH values of this experiment.
Other factors. Induction of staphylococcal penicillinase was not altered when carried out in broth containing 10% normal or immune rabbit serum, or when the reaction was performed in whole heparinized dog plasma, or in 60% cellfree rabbit peritoneal exudate. Crystalline egg white lysozyme (Armour Laboratories, lot 003L1), added to the reaction mixtures in a final concentration of 0.1 to 8.0 mg/ml, did not influence the induction of penicillinase.
There was also no significant difference between induction ratios in experiments carried out at 37 and 39 C. However, a decrease in induction ratio was observed at temperatures below 37 or at 41 C. DIscussIoN Geronimus and Cohen (4) and others (6, 12) have shown that the penicillinase activity of penicillin-resistant strains of S. aureus is greatly increased by exposure to penicillin in vitro for brief periods of time under conditions precluding significant multiplication of bacteria. These observations, indicating that staphylococcal penicilhinase is an inducible enzyme, led to studies to determine the degree to which induction of enzyme could be demonstrated in vivo during the course of experimental staphylococcal infections. Geronimus and Cohen (5) studied in three experiments the The observation that leukocytes in vitro inhibited induction of penicillinase in staphylococci led to studies of induction in leukopenic animals. In contrast to results in normal animals, induction of penicillinase by penicillin G could readily be demonstrated in leukopenic animals with peritoneal staphylococcal infection. These studies suggest that leukocyte inhibition of penicillinase induction may play a role in the diminished and inconstant induction observed in normal animals.
It may be argued that the increased levels of penicillinase observed in the present studies are the result of growth of selected mutants with high penicillinase production, instead of true induction. This is unlikely in view of the relatively short periods of time involved (3 to 6 hr) and the stability of bacterial populations throughout the experiments, indicating absence of significant bacterial multiplication. Geronimus 
